Chlorophyll synthesis in Golenkinia is inhibited 10-fold by growth in darkness on acetate or by growth on elevated concentrations of acetate in the light, particularly if the growth medium contains low levels of nitrogen. Glucose has no such inhibitory effect. 5-Aminolevulinic acid, with a maximal effect at 0.01 M, but not its precursors, overrides the inhibitory effect of acetate and darkness, restoring chlorophyll synthesis. Glycine, succinate, and a-ketoglutarate, the precursors tested, all enter the cell. Cells forming chlorophyll produce significantly more aminolevulinic acid than do cells becoming bleached, further indicating the important regulatory role of this compound. Cyclic AMP has no effect on chlorophyll synthesis. These re.
this species of Chlorella can also be inhibited by glucose, fructose, mannose, or glycerol if coupled with low urea concentrations (35) . The accepted interpretation is that the carbon to nitrogen ratio in the growth medium is the controlling factor, not simply high levels of reduced carbon compounds.
Little is known about the mechanisms by which either light or high concentrations of reduced carbon sources regulate Chl synthesis. For example, neither the photoreceptor pigment active in triggering Chl synthesis (7) nor the nature of the proteins necessary for Chl production in Euglena has been determined. The study of the biochemical basis of nutritional control of Chi formation has been hindered by the wide variety of carbon compounds effective, involving several metabolic pathways and a multitude of intermediates. Finally, ALA,' which has been demonstrated to be of key importance in regulating Chl synthesis in higher plants (12, 23) and photosynthetic bacteria (20) , has not yet been clearly shown to play a similar role in algae. ALA is made by Chlorella vulgaris and is correlated with the ability to synthesize Chl; unfortunately, these cells do not readily absorb exogenous ALA and experiments employing this approach yield ambiguous results (5) . Similarly, the concentration of ALA synthesized by greening Euglena cells is stoichiometrically equivalent to the Chl produced, but ALA has not been shown to be limiting nor does its addition affect Chl synthesis until the very terminal stages of chloroplast development (28) . ALA cannot restore Chl synthesis in Euglena in which greening is blocked by cycloheximide (18) , substantiating the proposal that neither ALA nor the enzyme(s) involved in its synthesis is rate-limiting for porphyrin production.
The data reported here indicate a pattern of regulation in Golenkinia which allows a more precise biochemical explanation of the possible mechanism of the control of Chl synthesis and clearly demonstrate the crucial role of ALA. They also suggest the use of this organism in studies of the pathway and regulation of ALA synthesis. The inoculum for all experiments was prepared by transferring a loop of algae from the agar slant stock culture into 50 ml of medium 0 in a 125-ml flask and incubating for 6 to 7 days in continuous light. One ml of this suspension (107 cells/ ml) was inoculated into 49 ml of experimental medium per flask. All experiments were conducted using a New Brunswick Psycrotherm shaker in either continuous light (about 500 ft-c) or darkness at 125 rpm and 25 C for 7 or 8 days. Sterility was monitored by plating 1 ml of algae suspension onto Nutrient Agar.
MATERIALS AND METHODS
Growth was measured by cell counts made with a Spencer haemacytometer. Chl was extracted for 30 min with 80% (v/v) acetone-water and quantitatively determined according to the method of Arnon (3) . ALA was determined by the acetylacetone condensation method (21) . The ability of Golenkinia cells to absorb potential ALA precursors was monitored as follows: Fifty ml of an exponentially growing culture were concentrated 10-fold by centrifugation and resuspension. To these cells was added 5 ml of medium 0 containing 5 In view of the importance of ALA in the regulation of Chl synthesis (12, 20, 23) , ALA and some of its possible precursors (6, 19) were tested for their ability to overcome the inhibitory effect of acetate in the dark (Table II) . Only ALA is effective in restoring the capacity for Chl synthesis to cells grown in darkness on acetate; precursors have no effect. ALA also stimulates growth, possibly serving as an additional carbon or nitrogen source. In addition, unlike recents findings using etiolated bean leaves (10) , iron chelators such as o-phenanthroline and a,a'-dipyridyl cannot mimic the effect of ALA nor, by inference, can they induce its synthesis. Experiments employing green safelights during handling The most obvious explanation of the inability of possible precursors to substitute for ALA is that they do not enter the cell. This explanation was tested by measuring the capacity of Golenkinia to absorb "C-labeled glycine, succinate, and a-ketoglutaric acid. The results using glycine (similar data were obtained for the other two acids) are presented in Table IV and show substantial absorption throughout the 48-hr term of the experiment. These compounds, therefore, do enter the cell; their inability to stimulate Chl synthesis is probably due REGULATION OF CHLOROPHYLL SYNTHESIS (18) .
In contrast, the requirement of light for full recovery of greening by glucose-bleached Chlorella protothecoides is relatively well localized. The syntheses of ALA and coproporphyrinogen are both photodependent (24, 25) . Consequently, added ALA can partly replace the requirement of light for Chl synthesis. However, ALA is unable to overcome the inhibition of porphyrin synthesis by glucose, fructose, glycerol, or acetate (24, 25) , and there is a total lack of information about the actual amount of ALA synthesized in the various environments. These two considerations, coupled with the absence of fact or theory biochemically relating either ALA or porphyrin ( (23, 34) . Since this ALA effect occurs even in the presence of protein synthesis inhibitors, most workers have concluded that the regulation of Chl synthesis in higher plants by light involves the production of the enzvme(s) responsible for ALA synthesis, not its subsequent biochemistry (12, 23) . The capacity of added ALA to allow Chl synthesis by Golenkinia cells grown in otherwise inhibitory conditions is consistent with and supports this interpretation. None of the possible precursors of ALA (6, 19) , succinate, glycine, or a-ketoglutartate, either singly or in combination, has this stimulatory effect on chlorophyll production, suggesting that the regulation of ALA concentration in Golenkinia occurs at the level of actual ALA synthesis rather than through the supply of precursors. A similar lack of effect by succinate and glycine on Chl formation in the dark has been reported for Chlorella protothecoides (24) .
One attractive explanation for these data is that in darkness, acetate induces the formation of the glyoxylate cycle and that some metabolite of these reactions either represses or inhibits the enzyme(s) involved in ALA synthesis. Chl synthesis by cells grown in glucose media or in the light, according to this explanation, would occur because the glyoxylate cycle is not induced by glucose (or absence of acetate) and is inactive in the light. Light, through the production of photosynthetic intermediates, has been shown to block glyoxylate cycle activity in both Euglenia (9) and Chlorella (14) . 
